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HYDRODYNAMIC THRUST WASHERS
WITH PUMPING FEATURES FOR SPARSE
LUBRICATION APPLICATIONS

FIELD D

The present disclosure relates to hydrodynamic thrust
washers with pumping features for sparse lubrication appli-

cations.
10

BACKGROUND

This section provides background information related to
the present disclosure which 1s not necessarily prior art.

Thrust washers fail due to loss of lubrication and high
interface temperature conditions. One of the common failure
modes for polymeric thrust bearings 1s due to excessive
interface temperature resulting directly due to loss of lubri-
cation. This mode of failure 1s prominent in applications
where lubrication 1s available only at the OD of the bearing
due to the mability of existing designs to effectively pump
lubricant 1nto the interface by overcoming centrifugal force.
As a result, use of polymeric bearings 1in such application
conditions has been a challenge.

15

20

25
SUMMARY

This section provides a general summary of the disclo-
sure, and 1s not a comprehensive disclosure of its full scope
or all of 1ts features.

The present disclosure 1s directed to a thrust bearing made
from a thermoplastic, thermoset, metallic, or ceramic mate-
rial. The present disclosure uses improved groove features to
improve the ability to form thin lubricant films. The features
allow better film generation and thereby lower friction and
interface temperature. These features allow for use of very
low lubrication conditions as they more effectively use the
lubricant than conventional groove geometries. The result of
these new designs allows them to be used 1n more aggressive
speed and pressure applications while also reducing the
torque compared to designs used today.

The new groove features pump lubricant from the OD of
the washer to the ID while providing hydrodynamic perfor-
mance. The features provide optimal volume of lubricant
flow over a range of speeds to keep Irictional drag to a
mimmum and allow for use of very low lubrication condi-
tions as they more eflectively use the lubricant than con-
ventional groove geometries.

Further areas of applicability will become apparent from
the description provided herein. The description and specific 30
examples 1n this summary are intended for purposes of
illustration only and are not intended to limait the scope of the
present disclosure.

30

35

40

45

DRAWINGS 55

The drawings described herein are for illustrative pur-
poses only of selected embodiments and not all possible
implementations, and are not intended to limit the scope of
the present disclosure.

FIG. 1 1s a perspective view of a thrust washer having
hydrodynamic features according to a first embodiment;

FIG. 2 1s a plan view of a thrust washer similar to the
thrust washer shown in FIG. 1, with a smaller number of
hydrodynamic groove features;

FI1G. 3 1s a detail plan view of the hydrodynamic features

of the thrust washer shown 1n FIGS. 1 and 2;

60

65

2

FIG. 4 1s a perspective view ol a thrust washer having
hydrodynamic features according to a second embodiment;

FIG. 5 1s a perspective view of a thrust washer having
hydrodynamic features according to a third embodiment;

FIG. 6 1s a perspective view of a thrust washer having
hydrodynamic features according to a fourth embodiment;

FIG. 7 1s a detail plan view of the hydrodynamic features
of the thrust washer shown in FIG. 6;

FIG. 8 1s a perspective view of a thrust washer having
hydrodynamic features according to a fifth embodiment;

FIG. 9 1s a perspective view ol a thrust washer having
hydrodynamic features according to a sixth embodiment;

FIG. 10 1s a partial plan view of the thrust washer shown
in FIG. 9;

FIG. 11 1s a detail plan view of the hydrodynamic features
of the thrust washer shown 1n FIG. 8;

FIG. 12 1s a detail plan view of the hydrodynamic features
according to a seventh embodiment of a thrust washer;

FIG. 13 1s a side plan view of the hydrodynamic features
of the thrust washer shown in FIG. 12;

FIG. 14 1s a detail plan view of the hydrodynamic features
shown 1n FIG. 4;

FIG. 15 1s a side plan view of the hydrodynamic features
of the thrust washer shown 1n FIG. 14;

FIG. 16 1s a perspective view of a thrust washer having
hydrodynamic features according to an eighth embodiment;

FIG. 17 1s a graph providing a critical speed comparison
for the various thrust washer designs of the present disclo-
SUre;

FIG. 18 1s a graph providing a pump rate comparison for
the various thrust washer designs of the present disclosure;

FIG. 19 1s a graph of critical speed vs. inlet angle for the
various thrust washer designs of the present disclosure;

FIG. 20 1s a graph of pump rate vs. inlet angle for the
various thrust washer designs of the present disclosure;

FIG. 21 1s a perspective view of a thrust washer having
symmetric bi-directional hydrodynamic grooves; and

FIG. 22 1s a perspective view of a thrust washer having
symmetric bi-directional hydrodynamic grooves according
to an alternative embodiment.

Corresponding reference numerals indicate correspond-
ing parts throughout the several views of the drawings.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
with reference to the accompanying drawings.

Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those
who are skilled 1n the art. Numerous specific details are set
forth such as examples of specific components, devices, and
methods, to provide a thorough understanding of embodi-
ments of the present disclosure. It will be apparent to those
skilled 1n the art that specific details need not be employed,
that example embodiments may be embodied 1n many
different forms and that neither should be construed to limat
the scope of the disclosure. In some example embodiments,
well-known processes, well-known device structures, and
well-known technologies are not described 1n detail.

The terminology used herein 1s for the purpose of describ-
ing particular example embodiments only and 1s not
intended to be limiting. As used herein, the singular forms
“a,” “an,” and “the” may be intended to include the plural
forms as well, unless the context clearly indicates otherwise.
The terms “comprises,” “‘comprising,” “including,” and
“having,” are inclusive and therefore specily the presence of

stated features, integers, steps, operations, elements, and/or
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components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
clements, components, and/or groups thereof. The method
steps, processes, and operations described herein are not to
be construed as necessarily requiring their performance in
the particular order discussed or illustrated, unless specifi-
cally identified as an order of performance. It 1s also to be
understood that additional or alternative steps may be
employed.

When an element or layer 1s referred to as being “on,”
“engaged to,” “connected to,” or “coupled to” another
clement or layer, 1t may be directly on, engaged, connected
or coupled to the other element or layer, or intervening
clements or layers may be present. In contrast, when an
clement 1s referred to as being “directly on,” “directly
engaged to,” “directly connected to,” or “directly coupled
to” another element or layer, there may be no intervening
clements or layers present. Other words used to describe the
relationship between elements should be interpreted 1n a like
fashion (e.g., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.). As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

Although the terms first, second, third, etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element,
component, region, layer, or section from another region,
layer, or section. Terms such as “first,” “second,” and other
numerical terms when used herein do not imply a sequence
or order unless clearly indicated by the context. Thus, a first
clement, component, region, layer, or section discussed
below could be termed a second element, component,
region, layer, or section without departing from the teach-
ings of the example embodiments.

Spatially relative terms, such as “inner,” “outer,”
“beneath,” “below,” “lower,” “above,” “upper,” and the like,
may be used herein for ease of description to describe one
clement or feature’s relationship to another element(s) or
teature(s) as 1llustrated 1n the figures. Spatially relative terms
may be intended to encompass different orientations of the
device 1n use or operation in addition to the orientation
depicted 1n the figures. For example, 1f the device i the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein mterpreted accordingly.

With reference to FIG. 1, a thrust bearing 10 1s shown
including an annular body 12 with an aperture 14 therein.
The annular body 12 has a first axial face 16 and a second
axial face 18 along with an outer diameter sidewall 20 and
in mner diameter sidewall 22 extending between the first and
second axial faces 16, 18. At least one of the axial faces 16,
18 includes a plurality of recessed hydrodynamic groove
features 24 extending from the inner diameter sidewall 22 to
the outer diameter sidewall 20, as shown 1n the axial face 16.
The axial face 16 includes a plurality of planar lands 26
disposed between the recessed hydrodynamic groove fea-
tures 24. The hydrodynamic groove features 24 of FIGS. 2
and 3 are the same as the hydrodynamic groove features 24
in FIG. 1, with the exception that FIG. 1 shows 18 hydro-
dynamic groove features 24 and FIGS. 2 and 3 show 12
hydrodynamic groove features 24. It should be understood

10
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4

that the number of hydrodynamic groove features 24 can be
selected based upon a specific application. By way of
Example, FIG. 6 shows eight hydrodynamic groove features
24.

The thrust bearing according to the present disclosure 1s
made from a thermoplastic, thermoset, or other engineering
materials including metals and ceramics manufactured using,
machining, molding, sintering, stamping, or other tech-
niques. The proposed designs of FIGS. 1-16 and 21-22 are
specific to applications where lubrication 1s available at the
outer diameter (OD) of the bearing as opposed to the inner
diameter (ID). The lubrication availability could be either
pressurized lubrication at the OD (higher pressure at the OD
than at ID) or splash type lubrication with sparse availability
of the lubricant at the OD.

The recessed hydrodynamic groove features 24 can con-
s1st of a spiral shaped groove that can have a radial profile
R1. As shown in FIGS. 1-3, the radial profile R can be less
than one-half the inside diameter, as illustrated 1n FIGS. 2
and 3. As an alternative, as shown in FIGS. 6 and 7, the
radial profile R2 can be equal to the one-quarter of the OD.
As a further alternative, as shown in FI1G. 8, the radial profile
R3 can be greater than one-quarter of the OD. It should be
understood that the radial profile R can be selected based
upon the desired application and can have a radius value
ranging from 0.005 1nches to 0.95*ID. In addition, the radial
profile can be tangent to the inlet angle and can be circular,
clliptical, hyperbolic, or logarithmic.

The recessed hydrodynamic groove features 24 include a
first transition groove region 24 A that transitions from the
planar lands 26 and a scoop region 24B stepped down
relative to the transition groove region 24A and the planar
lands 26. The transition groove region 24A of the recessed
hydrodynamic groove features 24 include an inlet angle o
defined by an angle of a tangent of the radial profile R
relative to a tangent of the circular outer sidewall 20. The
inlet angle can range from O to 85°. As shown 1n FIG. 3, the
angle o 1s shown as 15°. Alternatively, as shown 1n FIG. 7,
the angle o 1s shown as 0°. It should be understood that the
inlet angle a can be selected based upon the desired appli-
cation. In addition, the scoop region 24B can be designed
with a specified depth D (best illustrated in FIGS. 13 and
15), tip radius R, lead-1n radius R, and blend radius R, as
best 1llustrated by the detailed view of FIG. 11. The scoop
tip radius R, ranges from 0.001 to 0.1 inches. The scoop
lead-1n radius R, can range from 0.0035 to 0.75 inches. The
scoop blend radius R, can range from 0.0035 to 1.0 inches. As
shown 1 FIGS. 4 and 5, the entry end 30 of the scoop
regions 24B can be designed to be circumierentially longer
or shorter depending upon the desired application.

The scoop regions 24B are designed to pump lubricant
available at the OD of the washer to the ID by overcoming
centrifugal force (which acts to push the fluid outwards) for
a range of rotational speeds. The transition groove regions
24 A of the hydrodynamic grooves 24 aid in promoting tluid
flow 1nto the lands 26 of the washer 10 by generating and
retaining a fluid film to support thrust forces over a range of
loads, speeds and lubrication conditions, thus minimizing
frictional losses and wear of the land surfaces 26. The ability
to draw fluid from the OD to the ID of the washer 10 enables
the washer 10 to operate in OD splash and pressurized
lubricated environments.

The groove features have been designed using analytic
tools and have also been validated on test stands. Results
from tests are summarized i FIGS. 17 through 20, which
show critical speeds and pump rates for the designs 1n FIGS.

1, 4-6, 9, and 16. The critical speed 1s defined as the speed
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corresponding to when the pump rate goes to zero. Results
are also compared to traditional prior art designs PA1, PA2.
As can be seen, the developed designs have significantly

improved critical speeds and pump rates compared to the
baseline designs PA1 and PA2.

The thrust washer 110 of FIGS. 9-11 includes chevron-
shaped grooves 124. The chevron-shaped grooves 124 of
FIG. 9 include an inner segment 128 and an outer segment
130 forming a V that points 1n a circumierential direction of
the washer 10. The chevron-shaped grooves 124 replace the
spiral shaped grooves 24 and include a transition groove
region 124 A and a scoop region 124B. The chevron-shaped
groove 124 achieves unique results, 1n that, 1t has increased
critical speed despite low pump rate as this design primarily
promotes fluid film generation by pumping tluid both from
the ID and the OD of the bearing. The chevron type groove
124 can be utilized to lubricate the interface using fluid
available both at the ID and the OD. The chevron-shaped
groove features can be provided with an offset between the
grooves on the OD and the ID.

Based on application conditions, the parameters for the
thrust washer design can be tailored to meet specific opera-
tion requirements. These new designs are 1deal for use 1n OD
splash lubricated and OD pressurized applications.

FIG. 12 shows a detailed plan view of an exemplary
recessed hydrodynamic groove feature 24 according to a
seventh embodiment. FIG. 13 1s a side plan view of the
washer 10 showing the entry end 30 of the scoop region 24B
and the transition groove region 24A. In the embodiment of
FIGS. 12 and 13, the entry end 30 of the scoop region 24B
has an entry length L1 that 1s circumferentially shorter than
the entry length 1.2 of the entry end of the transition groove
region 24A. The scoop region 24B has a depth D and the
step region 32 between the scoop region 24B and the
transition groove region 24A can be arcuate or angled and
can have a height H extending upward from the scoop region
24B.

FIG. 14 shows a detailed plan view of an exemplary
recessed hydrodynamic groove feature 24 according to a
fourth embodiment. FIG. 15 1s a side plan view of the
washer 10 showing the entry end 30 of the scoop region 24B
and the transition groove region 24A. In the embodiment of
FIGS. 14 and 15, the entry end 30 of the scoop region 24B
1s circumierentially longer than the entry end of the transi-
tion groove region 24A.

With retference to FIG. 16, a washer 10 1s shown accord-
ing to an eighth embodiment in which the recessed hydro-
dynamic groove {features 24 are combined with tapered
grooves 40 which extend 1n a radial direction. The tapering
grooves 40 get narrower 1n a radially outward direction. It
should be understood that other shapes of tapering or
straight grooves can be combined with the recessed hydro-
dynamic groove features 24.

It should be noted that the above mentioned groove
features 24 can be employed on one or both faces of the
thrust washer 10, as shown 1n FIGS. 21 and 22. The groove
teatures 24 on both faces of the thrust washer 10 can be
aligned, as shown, or circumierentially offset. The groove
features 24 on both faces of the thrust washer 10 can be
oflset and mirrored. The groove features 24 on both faces of
the thrust washer 10 where the grooves 24 overlap but are
mirrored so that the grooves on opposite faces cross over
when viewed from the top.

With reference to FIG. 21, a thrust washer 210 1s shown
according to a further embodiment including bi-directional
symmetric grooves 224. The thrust washer 210 includes an
annular body 212 with an aperture 214 therein. The annular
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6

body 212 has a first axial face 216 and a second axial face
218 along with an outer diameter sidewall 220 and 1n 1nner
diameter sidewall 222 extending between the first and
second axial faces 216, 218. At least one of the axial faces
216, 218 includes a plurality of symmetric recessed hydro-
dynamic groove features 224 extending from the inner
diameter sidewall 222 to the outer diameter sidewall 220, as
shown 1n the axial face 216. The axial face 216 includes a
plurality of planar lands 226 A, 226B disposed between the
recessed hydrodynamic groove features 224. The lands
226 A are on an interior side of the hydrodynamic groove
teatures 224 and the lands 226B are on an exterior side of the
hydrodynamic groove features 224. The recessed hydrody-
namic groove features 224 include a first transition groove
region 224 A that transitions from the planar lands 226B and
a scoop region 224B stepped down relative to the transition
groove region 224A and the planar lands 226A. The tran-
sition groove region 224A of the recessed hydrodynamic
groove features 224 include an inlet angle o defined by an
angle of a tangent of the radial profile R relative to a tangent
of the circular outer sidewall 220. Additional transition
groove regions 224C can be provided on interior side of the
scoop regions 224B. The bi-directional symmetric grooves
224 allow for relative rotation in both directions without
compromising lubrication to the land surfaces 226.

With reference to FIG. 22, a thrust washer 310 i1s shown
according to a further embodiment including bi-directional
symmetric grooves 324. The thrust washer 310 includes an
annular body 312 with an aperture 314 therein. The annular
body 312 has a first axial face 316 and a second axial face
318 along with an outer diameter sidewall 320 and 1n 1nner
diameter sidewall 322 extending between the first and
second axial faces 316, 318. At least one of the axial faces
316, 318 (and optionally both) includes a plurality of sym-
metric recessed hydrodynamic groove features 324 extend-
ing from the mner diameter sidewall 322 to the outer
diameter sidewall 320, as shown 1n the axial face 316. The
axial face 316 includes a plurality of planar lands 326A,
326B disposed between the recessed hydrodynamic groove
teatures 324. The lands 326 A are on an interior side of the
hydrodynamic groove features 324 and the lands 326B are
on an exterior side of the hydrodynamic groove features 324.
The recessed hydrodynamic groove features 324 include a
first transition groove region 324 A that transitions from the
planar lands 326B and a scoop region 324B stepped down
relative to the transition groove region 324 A and the planar
lands 326A. The ftransition groove region 324A of the
recessed hydrodynamic groove features 324 include an inlet
angle a. defined by an angle of a tangent of the radial profile
R relative to a tangent of the circular outer sidewall 320.
Additional transition groove regions 324C can be provided
on interior side of the scoop regions 324B. In addition, as a
variation from the embodiment of FIG. 21, the inlet end of
the scoop region 1s recessed mmward from the outer diameter
sidewall 320 so that an additional transition groove region
324D can be disposed on a radially outer side of the exterior
lands 226B. The bi-directional symmetric grooves 324 allow
for relative rotation 1n both directions without compromising
lubrication to the land surfaces 326.

The foregoing description of the embodiments has been
provided for purposes of illustration and description. It 1s not
intended to be exhaustive or to limit the disclosure. Indi-
vidual elements or features of a particular embodiment are
generally not limited to that particular embodiment, but,
where applicable, are interchangeable and can be used 1n a
selected embodiment, even if not specifically shown or
described. The same may also be varied in many ways. Such
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variations are not to be regarded as a departure from the

disclosure,

and all such modifications are intended to be

included within the scope of the disclosure.

What 1s

claimed 1s:

1. A thrust washer, comprising:
an annular body with an aperture therein and having a first

axial face and a second axial face, an outer sidewall and
an mner sidewall extending between the first and
second axial faces, wherein at least one of the first and
second axial faces includes a plurality of curved
recessed grooves extending at least partially between
the mner sidewall and the outer sidewall and defiming
un-recessed lands there between with the plurality of
curved recessed grooves defining a transition region
transitioning to the lands and a scoop region separated
from the transition region by a stepped wall portion
extending between the scoop region and the transition
region, wherein the plurality of curved recessed
grooves have a radial profile that 1s one of circular,
clliptical, hyperbolic or logarithmic wherein the tran-
sition region 1s on an outer portion of the radial profile
and the scoop region 1s on an inner portion of the radial
profile, wherein the scoop region has an entry end
opening into the outer sidewall.

2. The thrust washer according to claim 1, wherein
the stepped wall portion defines a tip end along the outer
stdewall.
3. The thrust washer according to claim 2, wherein the tip
end has a tip radius R, between 0.001 to 0.1 inches.

4. The t

plurality o:

arust washer according to claim 1, wherein the
' recessed grooves include at least four grooves.

5. The t.
prising a p

hrust washer according to claim 2, further com-
lurality of straight recessed grooves disposed 1n

the at least one axial face.

6. The thrust washer according to claim 2, wherein the
plurality of recessed grooves are disposed on the first and
second axial faces of the annular body.

7. A thrust washer, comprising:

an annular body with an aperture therein and having a first

axial face and a second axial face, an outer sidewall and
an mner sidewall extending between the first and
second axial faces, wherein at least one of the first and
second axial faces includes a plurality of recessed
grooves extending at least partially between the inner
stdewall and the outer sidewall and defining un-re-
cessed lands there between with the plurality of
recessed grooves defining a transition region transition-
ing to the lands and a scoop region separated from the
transition region by a stepped wall portion extending
between the scoop region and the transition region,
wherein the plurality of recessed grooves have a chev-
ron shape and wherein the transition region 1s on an
outer portion of the chevron shape and the scoop region
1s on an inner portion of the chevron shape.

8. A thrust washer, comprising:
an annular body with an aperture therein and having a first

axial face and a second axial face, an outer sidewall and
an mner sidewall extending between the first and
second axial faces, wherein at least one of the first and
second axial faces includes a plurality of recessed
grooves extending at least partially between the nner
stdewall and the outer sidewall and defining un-re-
cessed lands there between with the plurality of
recessed grooves defining a transition region transition-
ing to the lands and a scoop region separated from the
transition region by a stepped wall portion extending
between the scoop region and the transition region,
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wherein the plurality of recessed grooves have a radial
profile that 1s one of circular, elliptical, hyperbolic or
logarithmic wherein the transition region 1s on an outer
portion of the radial profile and the scoop region 1s on
an mner portion of the radial profile, wherein the scoop

region has an entry end opening into the outer sidewall,
wherein the stepped wall portion defines a tip end along
the outer sidewall, wherein the plurality of recessed
grooves have a radial profile with an 1nlet angle relative
to a tangent of the outer sidewall between 0° and 85°.

9. A thrust washer, comprising;:

an annular body with an aperture therein and having a first
axial face and a second axial face, an outer sidewall and
an 1nner sidewall extending between the first and
second axial faces, wherein at least one of the first and
second axial faces includes a plurality of recessed
grooves extending at least partially between the inner
sidewall and the outer sidewall and defining un-re-
cessed lands there between with the plurality of
recessed grooves defining a transition region transition-

ing to the lands and a scoop region separated from the
transition region by a stepped wall portion extending
between the scoop region and the transition region,

wherein the plurality of recessed grooves have a radial
profile that 1s one of circular, elliptical, hyperbolic or
logarithmic wherein the transition region 1s on an outer
portion of the radial profile and the scoop region 1s on
an 1nner portion of the radial profile, wherein the scoop
region has an entry end opening into the outer sidewall,
wherein the stepped wall portion defines a tip end along
the outer sidewall, wherein the tip end has a tip radius
R, between 0.001 to 0.1 inches, wherein the stepped
wall portion has a scoop lead-in radius R;, extending
from the tip end of between 0.005 and 0.75 inches.

10. The thrust washer according to claim 9, wherein the
stepped wall portion has a scoop blend radius R, extending
from the scoop lead-in radius of between 0.005 and 1.0
inches.

11. A thrust washer, comprising:
an annular body with an aperture therein and having a first
axial face and a second axial face, an outer sidewall and
an 1nner sidewall extending between the first and
second axial faces, wherein at least one of the first and
second axial faces includes a plurality of recessed
symmetric bi-directional grooves extending at least
partially between the inner sidewall and the outer
stdewall and defining un-recessed lands there between
with the plurality of recessed symmetric bi-directional
grooves deflning a transition region transitioning to the
lands and a scoop region separated from the transition
region by a stepped wall portion extending between the
scoop region and the transition region, wherein the
plurality of recessed symmetric bi-directional grooves
have a radial profile that 1s one of circular, elliptical,
hyperbolic or logarithmic wherein the transition region
1s on an outer portion of the radial profile and the scoop
region 1s on an inner portion of the radial profile,
wherein the scoop region has an entry end opening nto
the outer sidewall.

12. The thrust washer according to claim 11, wherein the
stepped wall portion defines a tip end along the outer
sidewall.

13. The thrust washer according to claim 12, wherein the
plurality of recessed symmetric bi-directional grooves have
a radial profile with an inlet angle relative to a tangent of the
outer sidewall between 0° and 85°.
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14. The thrust washer according to claim 12, wherein the
tip end has a tip radius R, between 0.001 to 0.1 inches.

15. The thrust washer according to claim 14, wherein the
stepped wall portion has a scoop lead-in radius R, extend-
ing from the tip end of between 0.005 and 0.75 inches.

16. The thrust washer according to claim 15, wherein the
stepped wall portion has a scoop blend radius R, extending
from the scoop lead-in radius of between 0.005 and 1.0
inches.

17. The thrust washer according to claim 11, wherein the
scoop region has an entry end spaced radially inward from
the outer sidewalls.

18. The thrust washer according to claim 17, wherein the
stepped wall portion defines a tip end spaced radially inward
from the outer sidewall.

19. The thrust washer according to claim 11, wherein the
plurality of recessed symmetric-bi-directional grooves are
disposed on the first and second axial faces of the annular

body.
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